Introduction 27
The prediction of sheep production from pasture characteristics is integral to simulation modelling of sheep 28 grazing systems. Freer et al. (1997) have described the GrassGro ® decision support tool which is designed to 29 simulate through time the production of pasture and sheep or cattle for a wide range of sites, pastures and animal 30 types throughout the medium and high rainfall temperate regions of Australia. Its reliability depends, in part, on 31 its prediction of pasture intake. Intake depends, in part, on the mass and structure of the sward (Allden and 32 Whittaker 1970; Black and Kenney 1984) , the nutritive value and palatability of the different components 33
(O'Reagain 1993), as well as on limits set by the animal and grazing behaviour (Hamilton et al. 1973) . 34
One aspect of pasture structure is the height of the sward. There is relatively little data that defines the 35 relationships between pasture mass and height in different grazing systems and climatic zones, where the height-36 mass relationship could vary. Pastures in higher rainfall regions may have higher mass and groundcover in 37 comparison with low-rainfall regions (<400 mm annually), where pastures may have a low mass but a relatively 38 tall, low-density and clumpy structure. Height increases the availability of the pasture to the grazing animal and 39 hence its intake (Allden and Whittaker 1970) , but if pasture density is also low, grazing efficiency may be 40 reduced. Therefore, it is expected that GrassGro, which is designed for uniform pastures, will sometimes fail to 41 adequately predict animal production in less uniform grazing systems (Clark et al. 2000) . In GrazFeed ® (Freer 42 et al. 1997) , the problem of differing height to mass relationships is overcome because the user may specify 43 pasture height and mass as inputs into the model. However, better definition of pasture height to mass 44 relationships for low density or low mass pasture has the potential to improve prediction of intake in dynamic 45 models of grazing systems in low-rainfall regions. 46
This study was conducted to define the relationships between herbage mass, height and groundcover and sheep 47 live weight change for annual pastures in the Mallee region of Victoria, Australia. Such information is needed to 48 provide information that may enable more dynamic grazing systems models to be more useful in a wider range 49 of environments. 50
51

Methods 52
Pasture height, mass and groundcover relationships 53
Relationships between live pasture mass, height and groundcover were calculated using data from previous 54 ungrazed pasture was at least double that of grazed areas (3, 6, and 13 cm on 19 Aug., 13 Sep., and 9 Oct. for 185 paddock 1, respectively; 16, 9 and 22 monthly for paddock 3, and 6 and 3 cm in Aug. and Sep. for Paddock 9). 186
Using point-quadrat records, live cover increased after July, and between August and October ranged between 187 20 and 38% in paddocks 1 and 3, but never exceeded 21% in paddock 9. Annual legumes comprised the bulk of 188 live cover (> 81%) in Paddock 1, but were usually between 32 and 47% in Paddocks 3 and 9, with annual 189 grasses being the other dominant class. 190
191
Insert Table 1 here  192 193
Predicting sheep growth rates 194
GrazFeed underestimated the liveweight change by sheep if the default rather than observed pasture height 195 was used with observed mass, with the regressions having different (P<0.05) intercepts but not slope (Fig 3) . 196
Using the observed height improved the prediction of liveweight change with a root mean square error (RMSE) 197 of 110 compared with 152 g/day. 198 A live weight change (fasted) of over 300 g/day was recorded between September and October for both ewes 199 and lambs (actual lamb weight in paddock 1:14.6 ± 3.13 and 23.8 ± 3.62 kg and paddock 3: 18.3 ± 4.15 and 27.8 200 growth rates were underestimated by 199 to 205 g/day, while using the observed height, growth rates were 202 underestimated by 11 to 134 g/day. Likewise, ewe growth rates using the default pasture heights were 203 underestimated by 308 to 328 g/day, while with the observed height, the underestimate was 243 to 293 g/day. 204
To evaluate whether selective grazing may have contributed to the underprediction of weight gain, pasture 205 inputs in GrazFeed were increased to approximately the highest live mass observed (1000 kg DM/ha), the 206 maximum height, 80% dry matter digestibility and 30% crude protein produced. This produced an accurate 207 prediction of lamb weight change (mean 336 g/day observed, 334 predicted) and improved the prediction for 208 ewes (mean 323 g/day observed, 226 g/day predicted). Using maximum height and mass for the medic paddock 209 seems reasonable as 16% of visual mass estimates in October were ≥1000 kg DM/ha. However, for the grassy 210 medic paddock, only 1% of estimates were ≥ 1000 kg DM/ha, with a further 6% at 760 kg DM/ha. This study has shown that a higher height at a given herbage mass is predicted for this overall data set than the 216 default in the GrazFeed model (3 cm at 1000 kg DM/ha) or for clover or annual grass pastures 217 in Western Australia (Hyder et al. 2004 ). However, the relationship between height and mass differed widely 218 between years, such that the use of one prediction equation across different years will inevitably lead to both 219 over and under-estimation of pasture height. The results also indicate that pasture height differs widely between 220 and within pasture types and this variability needs to be accounted for in order to improve the prediction of 221 sheep intake and subsequent live weight change. 222
For both medic and medic/grass pastures, considerable variation in height remained unaccounted for after 223 considering mass and groundcover. While pasture height may be related to stage of maturity (Hyder et al. 224 2004), in the current study the data suggest that both grazing and seasonal effects are likely to have a larger 225 influence on height than stage of maturity. 226
There are several potential reasons, apart from pasture height, why GrazFeed may have under or over-227 predicted sheep weight gain. Error in measurement of pasture mass, height, nutritive value and sheep weights 228 will have contributed, as well as selective grazing (Hamilton et al. 1973) . For mixed pastures it is not clear 229 whether sheep intake is best related to height to the top of sward, or mean height. Differences in height between 230 species could be expected to be more important where selective grazing occurs. Which component is selectively 231 grazed may also depend on the nutritive value and palatability of the different components (O'Reagain 1993). 232
The distribution of herbage mass in a paddock is also likely to influence selective grazing. The growth rates of 233 sheep during September were more accurately predicted assuming selective grazing of areas with higher mass 234 and height. Underestimation of growth rates in this study may also result from sheep selecting pasture of a 235 higher digestibility than the 80% possible in GrazFeed. A September dry matter digestibility of 85% was 236 recorded for grass in this study, and for medic leaf in a previous study (Robertson and Smith 2006) . It seems 237 likely that use of mean paddock data may not produce reliable predictions of intake is situations where there is 238 high potential for selective grazing. 239
An estimate of the quantity of live pasture not available for grazing is used for prediction of sheep intake. 
